Supplementary Discussion

Comparison of the RRP sizes in Syt1 -/and Syt1 +/+ neurons
Functional definition of RRP
In most general terms, the RRP of vesicles is functionally defined as a small subset of vesicles in the presynaptic terminal that can be released by Ca 2+ or hyperosmotic stimulation on a faster time scale than the other vesicles in the terminal (9, 12) . It is thought that most of the RRP vesicles correspond to the vesicles that are morphologically docked and primed for release at the presynaptic active zone. The priming process includes the formation of partially-assembled SNARE complexes, which are arrested in this state by synaptotagmin and complexin molecules (13, 14) . However, not all of the docked vesicles necessarily belong to the RRP, and in some cases undocked vesicles can also contribute to the RRP (6) .
Different methods to measure RRP size
A detailed comparison of methods used to measure RRP size is outlined in the recent review by Kaiser and Regehr (6) . Briefly, there are three major ways of estimating RRP size, that are based on (i) electrophysiological measurements of evoked post-synaptic currents, (ii) recordings of presynaptic capacitance, and (iii) fluorescent imaging of vesicular release at presynaptic terminals. Each of these approaches has its advantages and limitations. The major challenge that is common for all three techniques is to find a stimulus that can quickly release the entire RRP but minimise overestimation of the RRP size due to synaptic vesicle replenishment.
Estimation of relative RRP size using pHluorin imaging approach used in our study
To estimate the RRP size, we adapted the approach developed by Ariel and Ryan, which is based on imaging of sypHy (or vGlut-pHluorin) fluorescence transients evoked by a short (20 APs) high frequency (100 Hz) burst of stimulation(1). Such stimulation paradigm produces brief but sufficiently large presynaptic [Ca 2+ ] transient that triggers release of most RRP vesicles on a time scale of 200 ms. Importantly, it has been demonstrated that synaptic vesicle replenishment does not significantly contributes to the RRP estimate on this time scale(1). Here we have further validated the Ariel and Ryan paradigm. We performed a control experiment with Bafilomycin treatment, which demonstrated that synaptic vesicle endocytosis does not contribute to our estimates of relative RRP size in both Syt1 -/and Syt1 +/+ neurons (Fig. S3 ). This result is in line with the recent findings, which demonstrate that compensatory endocytosis triggered by high-frequency bursts of APs mainly occurs on the time scale of several seconds (e.g. Fig.1 in ref. (11)). In contrast, compensatory endocytosis triggered by single spikes predominantly occurs on a time scale of hundreds of milliseconds (3, 15) . pHluorin-based approach does not distinguish between synchronous and asynchronous release that occurs in-between spikes of the 20 AP 100 Hz train, but instead measures cumulative total release. This is conceptually similar to the electrophysiological measurements of cumulative charge transfer during APbursts (12) . The importance of cumulative measurements of both synchronous and asynchronous release components when estimating RRP with AP bursts has been emphasised earlier (12) , and this becomes particularly essential when estimating RRP size in Syt1 -/neurons, which is predominantly asynchronous (5) . Comparison of sypHy responses in Syt1 +/+ and Syt1 -/neurons during 20 AP 100 Hz burst (recorded with 50 ms resolution) revealed similar sypHy kinetics, which plateaued by the end of the stimulation in both genotypes. This result is consistent with electrophysiological recordings in the Calyx of Held, which show that in the absence of Syt1/Syt2 RRP can still be discharged by presynaptic depolarisation on a time-scale of 200 -300 ms (e.g. Fig. 7 in ref. (7) ).
Comparison of RRP size in Syt1 -/and Syt1 +/+ neurons.
There have been conflicting data on how genetic deletion of Syt1 affects the RRP size. On the one hand several groups have reported ~ 25 -50 % reduction in the RRP size measured using sucrose stimulation in neuronal cultures (e.g. refs. (4, 8) ). On the other hand, other groups using the same technique did not find significant differences in the RRP between Syt1 -/and Syt1 +/+ neurons (5, 16) , and have in fact suggested that Syt1 and Syt7 are redundantly required for RRP maintenance (2) . It is likely that the observed discrepancies could be due to distinct effects of Syt1 KO on RRP in different types of synapses (e.g. excitatory versus inhibitory) or due to differences in neuronal culture preparations used by different groups (e.g. type of culture, neuronal density). Our sypHy imaging experiments indicate that RRP size was not affected by Syt1 KO in our preparation. To test this further we estimated RRP size by 0.5 M sucrose stimulation ( Fig. S4 ) using the established protocol (4, 9) . We found a small (~ 20%) decrease in sucrose-induced postsynaptic excitatory responses in Syt1 -/neurons. Interestingly, we also observed a comparable decrease in neuronal capacitance, which is directly related to the neuronal size and therefore to the number of synapses formed on the recorded postsynaptic neuron. When normalised to the cell capacitance, the sucrose-induced responses were similar in Syt1 -/and Syt1 +/+ neurons. This indicates that in our experimental conditions Syt1 KO does not affect RRP size, measured with sucrose stimulation at the level of individual synapses, which is in full agreement with the sypHy RRP estimates ( Fig. 2 and Fig. S3 ). In line with the reduction of overall neuronal size, as indicated by the capacitance measurements, Sholl analysis of dendritic morphology revealed a significant reduction of neuronal arborisation in Syt1 -/cortical neurons. This decrease of dendritic arborisation in Syt1 -/neurons is possibly caused by homeostatic compensatory mechanisms. Indeed, it is likely that deletion of Syt1, which results in near complete abolishment of synchronous neurotransmitter release, will affect neuronal network activity and invoke homeostatic changes. Thus, our findings call attention to the importance of accounting for such mechanisms when estimating effect of Syt1 KO on RRP size and other synaptic functional properties. Table S1 .
Figure S3. Bafilomycin re-acidification block demonstrates that endocytosis does not affect sypHybased measurements of the RRP size and the delayed asynchronous release after the burst.
(A, C) Left, average sypHy fluorescence traces in response to 20 AP 100Hz stimulation recorded in Syt1 -/-(A) and Syt1 +/+ (C) neurons before (grey) and after (green) application of 1 µM Bafilomycin (n = 23 coverslips for each condition, shaded areas represent SEM). The first 5 seconds (dashed boxes) were recorded at 20 Hz frame rate, the rest of the data (between 5 -40 seconds) were collected at 2 Hz frame rate to minimise photobleaching. Right, zoomed view of the first 5 seconds of the recordings. Due to endocytosis and synaptic vesicle re-acidification sypHy responses in the absence of Bafilomycin decay on a time-scale of tens of seconds in both Syt1 -/and Syt1 +/+ neurons (left). Importantly, endocytosis has minimal contribution to sypHy transients within ~ 1.5 sec after the burst, as they are similar before and after Bafilomycin treatment.
(B, D) Data from individual cells showing changes of ΔF/F0 sypHy responses before and after application of Bafilomycin at the indicated time points T1, T2, T3 and T4 (arrows on the traces above). This experiment demonstrates that endocytosis and synaptic re-acidification has minimal contribution to the estimates of the relative RRP size (performed immediately after the AP burst) and the delayed asynchronous release component (average of 8 frames within 0.9 -1.25 sec after the burst, T3). NS p > 0.2, Paired t-test on Ranks. The detailed statistical analysis including the numbers of independent experiments is reported in Table S1 . See also Supplementary Discussion on comparison of RRP sizes in Syt1 -/and Syt1 +/+ neurons. This model, combining the recent X-ray SNAREpin-Syt1-complexin structure (17) with the molecular architecture of Syt1 ring-like oligomers, could potentially explain the Syt1 clamping function in molecular terms (10) . (A) The X-ray crystal structure shows that each pre-fusion partially assembled SNARE complex (SNAREpin) contains two distinct Syt1 binding sites: a complexin-independent 'primary' site, which can only be occupied by synaptotagmins that mediate synchronous release (Syt1, Syt2 and Syt9) and a complexindependent 'tripartite' site which is potentially available to all synaptotagmin isoforms, including Syt7(17).
(B) We posit that the full complement (15-20 copies) of Syt1 on the vesicle oligomerise at the site of docking triggered by PIP2 binding. This Syt1 oligomer (grey) is then ideally positioned to simultaneously template multiple SNAREpins via the 'primary' binding motif, which is accessible and free to interact in the ring oligomer. Note that in the ring-oligomer configuration, the conserved helical extension (red asterisk) involved in the tripartite binding locates towards the membrane and is thus unavailable. The height of Syt1 oligomers combined with the SNAREs atop would maintain the two bilayers far apart (~4 nm) to allow the N-terminal assembly but to sterically block the complete assembly of SNAREs. Furthermore, Syt1 oligomers are also expected to restrain the bound SNAREpins from moving inward toward the incipient fusion pore. Thus, the ring oligomer will clamp the synaptic vesicle fusion. In this arrangement, a second independent C2B domain (magenta) from either Syt1, Syt7 or Doc2B(17) can bind the SNAREpin via the 'tripartite' site in conjunction with complexin (cyan) and further, stabilise the fusion clamp. Upon Ca 2+ influx, the Syt1 ring oligomers are disrupted as Syt1 molecules rotate to insert into the plasma membrane. This frees the SNAREpins to complete zippering and trigger fusion. In this manner, the Syt1 oligomer could mediate a Ca 2+ -sensitive clamp on vesicular fusion. Critically, this dual-clamp model illustrates how Syt1 oligomerization could gate activation of both Syt1 and the second Ca 2+ sensor (e.g. Syt7). Adapted from refs. (10, 17) . Syt1 +/+ Syt1 F349A Syt7 KD 28 11
Figure 2B
Syt1 -/background, one way ANOVA on ranks P = 0.981 Syt1 +/+ background, one way ANOVA on ranks P = 0.968 Syt1 +/+ background + Syt7 KD, one way ANOVA on ranks P = 0.172
Figure 2C
Condition Condition
Number of cells
Number of preparations
Syt1 -/-Syt1 WT 20 5
Syt1 -/-Syt1 F349A 30 7
Syt1 +/+ Control 21 5
Syt1 +/+ Syt1 WT 21 5
Syt1 +/+ Syt1 F349A 19 5
Figure 4B
Condition 
Figure 4C
Syt1 -/background, one way ANOVA on ranks P = 0.18 Syt1 +/+ background, one way ANOVA on ranks P = 0.17
Figure S1
Condition Number of cell somas Two-way ANOVA on Ranks P < 0.01. 
Number of synaptic ROIs
Number of preparations
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